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Kavita Chaudhry (1984) Hydrogen-ion concentration in the gut of Sarcophaga 
ruficornis (Fabr.) (Diptera: Sarcophagidae). Bull. Inst. Zool., Academia Sinica 23(1): 
75-79. In Sarcophaga ruficornis (Fabr.), the foregut is slightly acidic (6.0<pH<6.8). 
This acidity increases through the first part of the midgut (5.2<pH<6.0) till it 


reaches a high peak (3.6<pH<4.6) in its middle. 


In the remaining posterior part of 


the midgut and the hindgut the pH remains near neutral (6.8<pH<7.0). The entire 
gut can, therefore, be differentiated into four pH zones, each maintaining a fairly 


constant level of pH in it. 


A powerful buffering mechanism thus seems to be 


existed in the alimentary canal of this insect. 


| The digestion of various nutrients within 
the gut of insects is likely to be limited to 
different degree by the hydrogen-ion concen- 
tration in its lumen. Though several workers, 
Swingle (1931), Waterhouse (1949), Grayson 
(1952), Wigglesworth (1953), Saxena. (1954, 
1955), Krishna (1955), Mall et al. (1968) and 
Balyan (1975) have studied the hydrogen-ion 
concentration in the gut of various groups of 


insects, but there is a great diversity in their ` 


observations as well as in their interpretations. 
However, no information is available about the 
Sarcophagid flies. The present work on Sar- 
cophaga ruficornis was, therefore, undertaken 
with a view to elucidate some of the vexed 
problems of the pH of insect gut and for a 
better understanding of the nutritional physio- 
logy of this fly. | 


MATERIALS AND METHODS 


The well developed pupae were drawn 
from the stock culture of Sarcophaga ruficornis 
(Fabr.) maintained in the laboratory. They 
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were kept in a glass jar closed by a piece of 
cheese cloth. As soon as the emergence 
occurred the male and female individuals were 
isolated into separate jars to prevent mating. 
After six days feeding they were deprived of 
all food and subjected to a 24h period of 
starvation. This was necessary to clear their 
alimentary canal and give them hunger 
stimulus so that in the experiments they could 
feed easily on the indicator mixed diet. 

The hydrogen-ion concentration of the 
alimentary canal was determined by the “range 
indicator method” as suggested by Waterhouse 
(1940) and later followed by Saxena (1955), 
Krishna (1955), Awasthi (1968) and Singh 
(1975). The indicators of varying pH values 
chosen to determine the hydrogen-ion concent- 
ration of the different regions of the gut were: 
(i) bromophenol blue, (ii) bromocresol green, 
(iii) bromocresol purple, (iv) chlorophenol 
red, (v) bromothymol blue and (vi) phenol 
red. The 24-hour starved 7-day old adult 
flies were allowed to feed, one at a time, in- 
side a glass tube for 5 minutes on a 3% 
sucrose solution containing 0.01% concentra- 
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tion of the indicators. Concentrations of 
phenol red and bromothymol blue were in- 
creased to 0.05% and 0.1% respectively, since 
0.01% dilution did not show any distinct colour 
in the gut. At the end of 5 minutes, each 
fed fly was removed from the feeding tube, 
cleaned thoroughly and dissected on a clean 
slide in minute quantity of double distilled 
water under a stereo-microscope, at a specified 
time interval, so as to expose its alimentary 
canal. Position of the coloured food and any 
change in its colour from the original in the 
different parts of the gut were immediately 
noted. Thus, by these changes of colour of 
the appropriate chosen indicators, a narrow 
range of pH of the various parts of the gut 
could be determined. The experiment was 
replicated ten times with each indicator in 
both the sexes separately. 

The “indicator paper technique” suggested 
by Srivastava (1957), Pant et al. (1959) and 
Srivastava and Srivastava (1956) was avoided 
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due to certain demerits as discussed by Awasthi 
(1968). Nevertheless, it had to be resorted to 
only in the study of pH under starvation since 
there was no question of feeding the insect 
with the indicators. 


RESULTS 


The results obtained are given in the 
Table 1. They show that the hydrogen-ion 
concentration of all the three regions of the 
gut of these flies differ from each other, how- 
ever, no sexual difference was observed. The 
foregut is moderately acidic (pH range 6.C- 
6.8). The hindgut is almost neutral (pH range 
6.8-7.0). The midgut, has been demarcated 
into five regions by Chaudhury (1972), differs 
from that of the foregut.and hindgut in having 
three zones of different hydrogenion concen- 
tration. The anterior part of the midgut, com- 
prising the thoracic ventriculus, abdominal 


- ventriculus, and the anterior proximal loop is 


TABLE 1. 


of S. ruficornis 


Foregut Midgut Hindgut 
2 7 p a a, o 
Name 38 38 s E 
Pe n ar. É g 3 
= 5 5 qs me as £ 3 ES s 
oo om om g 2 g 2 ; 73 oO 
Bye 3 m» m Ber oa oO 5 5 3 a, 
indicators = Oo “Bea E 8 5 2 2 Ag = 
S om EH SE ES sk g BE 5o p8 = 
a 9 of UE + Ay 3 = zn ES ao o 
4 Ko) E © on S et 
O O BF =F <5 £5 m £8 <4 ig œg 
>2.8 
Bromophenol Blue >4.6 >4.6 >4.6 >4.6 >4.6 <4.6 >4.6 >4.6 >4.6 >4.6 >4.6 
>3.6 

Bromocresol Green PA 9232. >5.2 >5.2 >5.2 <5,2 >5.2 >5.2 2.552 >5.2 
>5.2. >5.2 >5.2 >5.2 >5.2 >5.2 >5.2 >5.2 
Bromocresol Purple <6.8 <6.8 <6.8 <6.8 <6.8 <5.2 >6.8 >6.8 <6.8 <6.8 <6.8 
>4.6 >4.6 >4.6 >4.6 >4.6 <4.6 >4.6 >4.6 >4.6 >4.6 >4.6 
Chlorophenol Red <7.0 <7.0 <7.0 <7.0 <7.0 <7.0 <7.0 <7.0 <7.0 y 
>6.0 >6.0 >6.0 >6.0 >6.0 >6.0 >6.0 
Bromothymol Blue <7.6 <7.6 <6.0 <6.0 <6.0 <6.0 <7.6 <7.6 <7.6 <7.6 <7.6 
' >6.8 >6.8 >6.8 >6.8 >6.8 
Phenol Red <6.8 <6.8 <6.8 <6.8 <6.8 <6.8 <8.4 <8.4 <8.4 <8.4 <8.4 
>6.0 >6.0 >5.2 >5.2 >5.2 >3.6 >6.8 >6.8 >6.8 >6.8 >6.8 
Range of pH <6.8 <6.8 <6.0 <6.0 <6.0 <7.0 <7.0 >7.0 <7.0 <7.0 


ZONE I 


ZONE II ZONE IV 
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fairly acidic (pH range 5.2-6.0). The middle 
portion of the midgut consisting of the 
posterior part of the proximal loop only, is 
the most highly acidic region of the gut (pH 
range 3.6-4.6). Whereas, the pH condition of 
the remaining two posterior parts of the 
midgut, the helicoid and post-helicoid regions, 
is exactly similar to that of the hindgut 
(6.8-7.0), and manifests a tendency towards 
neutrality. l 

In order to ascertain whether starvation 
has any effect on the pH of the alimentary 
canal, similar experiments on normally fed 
flies as well as those starved for 48 h flies were 
carried out. The results showed that the 
hydrogen-ion concentration of the gut of these 
two sets of flies was more or less the same. 


DISCUSSION 


Great diversity in the hydrogen-ion con- 
centration in insect gut has been recorded by 
various workers. According to Waterhouse 
(1949), in most insects the hydrogen-ion con- 
- centration in the different parts of the midgut 
varies only slightly from neutrality. Balyan 
(1975) and Shukla and Upadhyay (1979) also 
found that the gut was neither strongly acidic 
nor strongly alkaline in the insects they 
‚studied. Staudenmayer (1940) however, 
recorded acidic as well as alkaline midgut 
juices. Whereas, Grayson (1952) reported 
strongly alkaline gut in some insects. On the 
contrary, Waterhouse (1940) in blowflies and 
MacGregor (1931) in mosquitoes have observed 
strongly acidic gut. Almost similar observa- 
tions were made by Saxena and Bhatnagar 
(1961). Swingle (1931) concluded that in the 
majority of insects he studied, the alimentary 
canal was only slightly acidic. Mall et al. 
(1968) also found a similar condition in Cletus 
signatus. In the present investigation it has 
been observed that the pH in the different parts 
of the gut of Sarcophaga ruficornis ranges from 
highly acidic to weakly acidic, and almost 


nearing neutral condition (pH range 3.6-7.0). 


Differences in the hydrogen-ion concentration 
in the different regions of the insect gut, as 


well as in the different parts of ,the same 
region have been recorded. Krishna (1955), 
Awasthi (1968) and Shukla and Upadhyay 
(1979) have found almost the same range of 
pH in the foregut and midgut. Mall et al. 
(1968) in C. signatus did not find much differ- - 
ence in the different regions of the gut. On 
the contrary, Goodchild (1952) in a West 
African bug and Saxena (1954, 1955) in Lepto- 
corisa and Dysdercus have shown that differ- 
ences in hydrogen-ion concentration in the 
various regions of the gut and in the different 
parts of the midgut. They have recored weakly 
acidic reaction in the first two ventriculi, 
while in the third and fourth ventriculi were 
strongly acidic and weakly alkaline, in the 
hindgut. Grayson (1952) in grasshopper and 


_ Wigglesworth (1953) in Lucilia have also re- 


ported similar differences in the midgut. 

Crozier (1923) and Swingle (1931) found 
an increase of pH from the foregut to the 
midgut followed by a gradual decrease in the 
hindgut. While Mall et al. (1969) observed 
that the pH decreases very slightly in the third 
ventriculus and then again increases in the 
hindgut. A decrease of pH in the midgut has 
also been recorded in Sarcophaga, but here the 
differences are very well marked. In fact in 
Sarcophaga, four distinct zones of hydrogen- 
ion concentration in the gut are clearly in- 
dicated in both sexes (6.0-6.8; 5.2-6.0; 3.6-4.6; 
6.8-7.0 respectively). Through three of these 
four zones acidity gradually builds up from 
the anterior part of the gut till it attains a 
peak (3.6-4.6) in the posterior portion of the. 
proximal loop of the midgut. Beyond this, the 
pH increases and extremely poor acidic condi- 
tions prevail in the rest of the gut. The 
result is that the pH characteristics of the 
helicoid, posthelicoid, and the hindgut regions, 
which together constitute the fourth zone, 
shifts towards neutrality. 

The problem of association of the 
hydrogen-ion concentration with the nature of 
diet of the insect is still very vexed. According 
to Srivastava and Srivastava (1956) there is 
enough evidence indicating that the hydrogen- 
ion concentration in the midgut is more or 
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- Jess independent of the nature of food of the 
insect. Shukla and Upadhyay (1979) also sub- 
scribe to this view. Awasthi (1968) has even 
pointed out that although Aulacophora fovei- 
collis and Epillachna dodecastigma feed on same 
cucurbitaceous plants, yet they have a differ- 
ence of pH in gut regions. Contrary to it, 
Wigglesworth (1927) has pointed out that pH 
is not a physiological constant but varies 
according to the type of food eaten by the 
insect. Crozier (1923) and Kovoor (1967) 
opine that pH may be related to the diet and 
the functioning of the malpighian tubules and 
the digestive caeca. Mall er al. (1968) in C. 
signodus, comparing the pH values of. food 
plants on which it feeds with found relation- 
ships between the two could not be ruled out. 
Mail et al. (1968) have also reported identical 
pH in the gut of starved and fed insects 
although Srivastava (1957) found that total 
starvation is likely to affect the pH of the gut. 
In Sarcophaga, the hydrogen-ion concentration 


of the 48 hours starved individuals was just the. 


same as those of the fed ones. This suggests 
that the presence of ingested food and as- 
sociated physiological processes to which it is 
subjected to within the gut, does not affect 
the pH of the various parts of the gut of 
those flies. Thus from the present investiga- 
tions, the relationship between pH and food 
does occur in the insect gut. ' 
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